Objective-To assess the relation between seizure status and quality of life after surgery for drug resistant epilepsy, using a previously validated quality of life model developed for use in epilepsy. Methods-A retrospective postal survey was made on 94 patients who underwent surgery for epilepsy between 1986 and 1994, and 36 patients who after investigation during the same period were found to be unsuitable for surgery. A health related quality of life model was used containing validated measures of anxiety, depression, self esteem, mastery, impact of epilepsy, aVect balance, stigma, overall health status, and overall quality of life, to examine the relation between postoperative seizure status and quality of life. Results-Overall 47.9% of patients were seizure free after surgery. On all measures seizure free patients scored significantly better than either patients deemed unsuitable for surgery or those having more than 10 seizures per year after surgery. Patients having less than 10 seizures per year obtained intermediate scores. There was no diVerence between the groups unsuitable for surgery or having more than 10 seizures per year postoperatively. Employment rates were significantly different between groups, 80% of seizure free and 53% of patients having less than 10 seizures per year in gainful employment postoperatively, compared with 28% and 27% of patients having greater than 10 seizures per year or those who were unsuitable for surgery. Conclusions-Within broad categories, postoperative quality of life is clearly related to seizure outcome, but the study emphasises the importance of long term follow up in defining the tangible psychosocial eVects of freedom from seizures.
Chronic drug resistant epilepsy is a disabling condition that impairs quality of life.
1 It is associated with an increased incidence of psychiatric and psychological morbidity 2 especially anxiety and depression. 3 Its suVerers are stigmatised, 4 have low self esteem, 5 are socially disadvantaged, and are less likely to be employed. 1 6 For patients with drug resistant epilepsy, surgery may abolish seizures in up to two thirds of cases shown to be suitable for surgery, 7 8 but it is a destructive procedure, carrying small risks of death or permanent neurological deficit: hemiparesis, hemianopia, dysphasia, or memory problems. Freedom from seizures is presumed to improve quality of life, but some patients have diYculty adapting to freedom from seizures, 9 whereas others experience surgical complications which may be as disabling as chronic epilepsy. Therefore, there is a need for more sensitive measures of postoperative outcome, including psychosocial functioning and quality of life. 10 Health related quality of life reflects the impact of a disease and its treatment on a person's physical, social, and psychological wellbeing. The impact of chronic illness on health related quality of life varies between conditions and, therefore, disease specific measures are likely to be more sensitive to these eVects than generic measures. 11 Some studies report that good psychosocial outcome is dependent on being completely seizure free postoperatively, [12] [13] [14] suggesting that patients with postoperative seizures, even at reduced frequency, may have a worse outcome compared with their preoperative baseline status. 15 These studies used generic measures or measures which may not be sensitive to the changes experienced by surgically treated patients. More recent studies using validated quality of life measures specifically developed for use in epilepsy (epilepsy surgery inventory 55 (ESI 55)) have found that quality of life significantly improves for seizure free patients but also to a lesser extent in patients having auras only, compared with those with ongoing seizures postoperatively. [16] [17] [18] Recently, Vickrey et al reported significant improvements on five of 11 scales of the ESI 55 but no improvement on the other six, in surgically treated compared with medically treated patients evaluated between 1974 and 1990. 19 During the past five years, we have developed and refined a health related quality of life model for patients with epilepsy. 20 We used this model to compare quality of life outcomes of patients undergoing surgery with those who, after investigation, were found to be unsuitable for surgery.
Methods
A self administered postal questionnaire was sent to 118 patients who underwent epilepsy surgery at the Walton Centre For Neurology and Neurosurgery between 1986 and June 1994, and to 70 patients who, after investigation during the same period, were found to be unsuitable for surgery. The questionnaire collected demographic data, information on seizure type and frequency, and employed precoded and open questions. This health related quality of life model (table 1) contained measures of anxiety and depression, self esteem, mastery, aVect balance, stigma, impact of epilepsy, overall quality of life, and health status. These scales have been found to be reliable and valid in patients with both refractory epilepsy 29 and epilepsy in remission. 30 31 For purposes of analysis patients were placed in four categories; seizure free postoperatively (SF), less than 10 seizures per year postoperatively (S<10), more than 10 seizures per year postoperatively (S>10), unsuitable for surgery and managed medically (NSurg). We chose these seizure frequencies as similar definitions have been used previously in studies reporting the results of epilepsy surgery. 8 18 To be classified as seizure free, patients had to have been seizure free for at least the year immediately before the censor date. Before the study we had planned to subdivide patients with postoperative seizures into those with auras only and those with attacks similar to the preoperative type, on the basis that auras may have less impact on quality of life. 18 However, the numbers of patients reporting postoperative auras only was too small for suitable statistical analysis, and, therefore, auras were treated as seizures and classified accordingly. This may have artificially reduced the psychological scale scores for patients having frequent seizures postoperatively.
STATISTICS
As the numbers in the groups are small, median scores and quartile ranges are quoted unless otherwise stated. The data were analysed using Arcus Pro computer software. Tests of significance used were the Mann-Whitney U test with exact probabilities corrected for ties, Kendall's b correlation coeYcient corrected for ties and continuity corrected, and the Kruskal-Wallis one way analysis of variance (ANOVA) with multiple comparisons if significant diVerences were detected. 32 For categorical variables odds ratios (ORs) with exact 95% confidence intervals (95% CIs) relative to the NSurg group were calculated, 33 unless otherwise stated. Information was missing on some of the scales; this is indicated by * in the text.
Results

SEIZURE OUTCOME
Ninety four of 118 (80%) patients undergoing surgery and 36 of 70 (51%) patients unsuitable for surgery returned questionnaires that were suitable for analysis. Nine questionnaires were unsuitable for analysis; seven because of incomplete data and two which were completed by carers and, therefore, contained subjective information only.
Overall 
QUALITY OF LIFE OUTCOME
Patients in the seizure free group had significantly better scores than those having greater than 10 seizures per year or those who were deemed unsuitable for surgery. There were no diVerences between the S>10 and NSurg groups. On all measures the scores of patients with less than 10 seizures per year were between the SF and NSurg or S>10 groups (figs 1 and 2). On the anxiety scale scores diVered significantly between all groups (table 3 and fig 1) . On the depression scale scores for both the SF and S<10 groups were better than the S>10 or NSurg groups (table 3 and fig 1) . Mastery scores were significantly better in SF than in There was a weak but significant correlation indicating falling impact of epilepsy scores with increasing postoperative duration ( b=−0.23, Z=1.996, P=0.046). On the remainder of the quality of life scales there was no relation between outcome and postoperative duration (table 5). However, there was a tendency for postoperative duration to be longer in seizure free patients who were in gainful employment (median duration = three years) compared with those unemployed (median duration = 2.5 years; Mann-Whitney U = 83.5, P = 0.07). Similarly, the median postoperative duration was one year longer in those driving (median = three years) compared with those not driving (median = two years; Mann-Whitney U = 333.5, p =0.011).
Discussion
In this study we administered a health related quality of life model to patients undergoing surgery for epilepsy and compared the results with those for patients found to be unsuitable for surgery. It is a retrospective, cross sectional study and some of the analysis groups have small numbers; therefore, the results should be interpreted with some caution. However, similar methodology has been used in other published studies of postoperative quality of life. 19 The groups were similar in seizure characteristics; all patients had complex partial or secondarily generalised tonic-clonic seizures, but, because of the small numbers, assessment of outcome was limited to total seizure frequency only. The control group (NSurg) had seizures similar in frequency and nature to those undergoing surgery.
In this postal questionnaire 47.9% of our respondents were completely seizure free in the year before censor date, and a further three patients had experienced at least two years of freedom from seizures after surgery but then relapsed. One patient in the S<10 group and four in the S>10 group had auras only, 53.2% would fall into class I of Engel's classification, 7 whereas a further 20% with less than 10 seizures per year would probably fall into class II. Therefore, overall our figures are representative of other studies. 7 8 19 The study disclosed that quality of life in various psychosocial domains is significantly better in seizure free patients than those who continue to have frequent seizures after surgery for epilepsy or who are unsuitable for surgery. Quality of life in patients with reduced numbers of seizures seems improved but to a lesser degree. These results are at odds with previous studies, which have suggested that improved psychosocial status after surgery is dependent on being completely seizure free. 12 13 Rausch and Crandall, using measures including degree of dependency, work performance and family and non-family relationships, found that improvements were dependent on freedom from seizures one year after surgery. 12 Hermann et al combined generic measures with the Washington psychosocial seizure inventory (WPSI) to obtain an overall psychosocial outcome and again found improvements in the seizure free group only, six to eight months after surgery. 13 Using the WPSI alone, Seidman-Ripley also found improvements in seizure free patients postoperatively, but noted a possible deterioration in patients who continued to have seizures with reduced frequency compared with their preoperative baseline status. 15 Two of the above studies used the WPSI, a psychosocial measure designed for epilepsy, which has been criticised because it refers to fixed events in the past which will not change with any outcome, and also because its format utilises yes or no answers which may not be sensitive to change. 15 The use of generic measures, the short duration of follow up, and generally small numbers, may explain the inability to detect diVerences in patients with reduced frequency of seizures in the above studies.
We attempted to compare outcome using a control population of medically treated patients. Only two other studies have used this format, and only one study used a validated health related quality of life measure. Guldvog and Loyning, in a large study, found no improvement after surgery using measures of educational status, social status, marital status, need for aid in daily activities, or need to be looked after 34 ; measures which may be dependent on postoperative duration and which neglect the wider areas of quality of life. Recently, the results from 248 patients who underwent evaluation for surgery at University of California, Los Angeles between 1974 and 1990, have been reported using the ESI 55. 19 Overall, scores on five of 11 scales of the ESI 55 (seizure targeted health perceptions, social function, pain, role limitations caused by physical problems, and role limitations caused by emotional problems) significantly improved, with no diVerence on the other six scales (emotional wellbeing, cognitive function, role limitations caused by memory problems, overall quality of life, physical function, and energy) in the surgery group compared with the non-surgery group. 19 The Employed before surgery  11  2  3  1  Entered employment after  surgery  24  8  6  7  Unemployed after surgery  9  9  21  22  Total  44*  19  30 ESI 55 has already been found capable of distinguishing between diVerent outcome groups based on seizure frequency. 17 18 The failure to detect a greater diVerence compared with medically treated controls in the latest study probably reflects combining the various outcome groups to give an overall surgery group figure.
We were unable to analyse our patients with auras only because the numbers were too small. In a previous study using the ESI, 55 patients with auras only were found to perform similarly to patients with less than 10 seizures per year after surgery, with scores intermediate between seizure free patients and those having more than 10 seizures per year. 18 At least four patients in our S>10 group had auras only; including them in this group may have impaired our ability to distinguish between the S<10 and S>10 groups and, therefore, underestimated the diVerences in quality of life outcome.
All the scales we used detected diVerences between the groups but the patterns of improvement were not the same on all the scales. The mastery scale disclosed small but significant diVerences between the seizure free and all other groups. This diVers from a previous study suggesting that mastery does not change after surgery even in seizure free patients. 35 In that study, assessment was performed only six months postoperatively, and, therefore, the patients could be still expected to be coming to terms with freedom from seizures. The mastery scale we used considers wider issues and is likely to be more sensitive. The same mastery scale, used in a placebo controlled trial, 29 detected a significant diVerence in favour of patients receiving a novel antiepileptic drug. Furthermore, on intuitive grounds, patients gaining relief from unpredictable adverse events-that is, seizures-would be expected to feel a greater degree of control. Similarly it is not surprising that levels of stigma are lower in the seizure free group than in the other three groups. Perceived stigma 36 may not resolve until epilepsy is completely cured, thence removing the label of "epileptic."
Psychiatric and psychological morbidity is an important problem in epilepsy, 1 2 with clinically significant anxiety and depression being common. 3 37 Previous postoperative studies have reported improved depression and reduction in psychological distress but only in patients who were seizure free, those with 75% or less reduction in seizures showed no improvement. 13 35 By contrast, this study identified improvements in psychological wellbeing, notably anxiety and depression, in both the seizure free and S<10 groups.
Unemployment is a major problem in people with chronic epilepsy 6 38 especially in areas where competition for jobs is fierce. 39 Gainful employment is a good predictor of overall wellbeing 6 and patient satisfaction postoperatively, 40 and, therefore, represents an important outcome for patients. Furthermore, in defining the proportion of patients likely to become productive members of society, it should be considered as an important measure of the cost eVectiveness of epilepsy surgery programmes. Some studies have reported that, although "vocational adjustment" 15 and working capacity 34 may improve, rates of new employment do not. 19 41 One of the most interesting findings in this study was the diVerence in employment rates in each group. Seizure free patients were more likely to have been employed before surgery than in the other outcome groups, suggesting that they may be less disabled by their seizures and, therefore, would be more likely to have better postsurgery outcome. However, significantly more previously unemployed people obtained employment in the seizure free group compared with the other groups after surgery, consistent with findings from a recent American study. 42 The overall employment figure of 80% in the seizure free group is comparable with recently reported employment rates of 79% for men and 64% for women in people with well controlled epilepsy and similar to rates found in the general population. 43 The finding of better preoperative employment rates in patients who become seizure free implies that other factors influence employability. Clearly baseline preoperative status should be measured in future studies to further elucidate the relation between seizures and health related quality of life.
Outcomes such as driving are potentially important outcome measures, as driving and transport are often cited as major problems, 44 which are likely to influence many other aspects of quality of life in people with epilepsy. There is a lag phase of at least 18 months between becoming seizure free and obtaining a driving licence in the United Kingdom. The finding of significantly longer outcome duration in seizure free patients who were driving compared with those who were not, suggests that the figure of 45% obtaining driving licences may increase with further follow up.
There is a lag between improvement in seizure control and reduced levels of anxiety and depression in medically treated patients attending a specialist clinic. 45 Somewhat surprisingly we failed to show a direct relation between duration of postoperative seizure freedom and any of the psychological measures other than impact of epilepsy. However, the driving and employment data from this and other studies 46 suggest a lag between freedom from seizures and the tangible psychosocial benefits thereof. Furthermore, the nature of this study (retrospective cross sectional) and the few seizure free patients makes it diYcult to make categorical statements about the importance of duration of postoperative freedom from seizures but demands that long term psychosocial follow up should be the focus of future prospective studies.
In conclusion, this small retrospective study has shown that health related quality of life is related to postoperative seizure status. However, prospective studies are required to elucidate the role of other factors such as preoperative status and changes in psychosocial status with postoperative duration. Satisfactory studies should be prospective and longitudinal, comparing patients' preoperative and postoperative seizures and psychological status. To produce meaningful statistical data multicentre collaboration will be essential.
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